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Methods for detection of molecular and protein 
interactions by reporter subunit 
complementation and its use in functional 
genomics and drug screening 

Blau, Helen M. ; Balint, Robert F. ; Wehrman, 
Thomas S.; Her, Jeng-horng 

The Board of Trustees of the Leland Stanford Junior 

University, USA 
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RW: GH, GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW, AT, BE, BG, 
CH, CY, CZ, DE, DK, EE, ES, FI , FR, GB, GR, IE, IT, LU, MC, NL, 
PT, SE, SI, SK, TR, BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, 
MR, NE, SN, TD, TG 
PRIORITY APPLN. INFO.: US 2001-344757P P 20011226 

AB Methods and compns . for detecting mol. interactions, particularly, 
protein-protein interactions, using at least two inactive, 
weakly-complementing ss-lactamase fragments are provided. The invention 
allows detection of such interactions in eukaryotic and mammalian cells, 
in situ or in vitro. Detection of mol. interactions in mammalian cells is 
not limited to the nuclear compartment, but can *be accomplished in the 
cytoplasm, cell surface, organelles, or between these entities. Methods 
provided utilize novel compns. comprising fusion proteins between mols. of 
interest and inactive, weakly-complementing-ss-lactamase fragments. 
Assocn. of the mols. of interest brings the corresponding complementary, 
ss-lactamase fragments -into close enough proximity for 
complementation to occur and ss-lactamase activity to be obsd. 
The invention is useful in the study of protein-protein interactions, 
functional genomics, agonist and antagonist screening and drug -discovery. 
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ACCESSION NUMBER: 2003:696387 HCAPLUS 

TITLE: Interaction-activated, circularly permutated proteins 

INVENTOR (S ) : Balint, Robert F.; Her, Jeng-Horng 

PATENT ASSIGNEE (S) : USA 

SOURCE: U.S. Pat. Appl . Publ . , 4 9 pp., Cont . -in-part of U.S. 

Ser. No. 526,106, 

CODEN : USXXCO 
DOCUMENT TYPE: Patent 
LANGUAGE: English 
FAMILY ACC. NUM. COUNT: 3 
PATENT INFORMATION: 



PATENT NO. KIND DATE APPLICATION NO. DATE 



US 2003165825 Al 20030904 US 2001-764163 20010116 

PRIORITY APPLN. INFO.: . • US 2000-175968P P 20000113 

US 2000-526106 A2 20000315 
AB Interaction-activated ciicularly permutated proteins are disclosed that 
depend for their functional reassembly into the parent protein on the 
interaction of heterologous polypeptides or oLher mols. which have been 
genetically or cheiu. ' conjugated to the break-point termini of engineered 
enzymes. In addn., methods are -provided, for identifying circularly 
permutated marker proteins that will optimally .reassemble into a 
functional parent protein, and which are dependent on the assocn. of 
heterologous interactor domains. The invention is exemplified by circular 
permutations of a Class A . beta . -lactamase {TEM-1 of E. coli) . Circularly 
permutated marker proteins that comprise mol. interaction-dependent ■ 
enzymes particularly find use in (1) cell-based sensors for activation or 
inhibition of metabolic or signal transduction pathways for 
high-efficiency, (2) high-throughput screening for agonists/antagonists of 
the target pathway and *in high-throughput mapping of pair-wise 
protein-protein interactions within and between the proteomes of cells, 
tissues, and pathogenic organisms, and in (3) cell-based screens for 
high-throughput selection of inhibitors of any protein-protein 
interaction . 
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136:352286 

Affinity maturation by competitive selection 

Balint, Robert F. ; Her, Jeng-Horng 

; Larrick, James w. 

Horizon Biotechnologies, Inc., USA 

PCT Int. Appl. , 4 5 pp. 



CODEN: ] 
Patent 
English 
1 



-TXXD2 



PATENT NO. 



KIND DATE 



WO 2002036738 A2 20020510 

WO 2002036738 A3 20020704 



APPLICATION NO. DATE 



WO 2001-US45371 20011030 



W: AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, 
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, HR, HU, ID, JL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, 
LS, LT, LU, LV,. MA, MD, MG, MK, MN, MW, MX, MZ, NO, NZ, PH, PL, 
PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ, UA, UG, 
US, UZ, VN, YU, ZA, ZW, AM, AZ, BY, KG, KZ, MD, RU, TJ, TM 
RW: GH, GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW, AT, BE, CH, CY, 
DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, TR, BF, 
BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG 
A5 20020515 AU 2002-27112 20011030 

Al 20021C24 US 2001-999413 20011030 

A2 20030730 EP 2001-992763 20011030 

AT, BE, CH, DE, DK, ES, FR, GB, GR, IT, LI, LU, NL, SE, MC, PT, 
IE, SI, LT, LV, FI, RO, MK, CY, AL, TR 

US 2000-245039P P 20001030 
WO 2001-US45371 W 20011030 
The present invention provides a method of selecting binding pair members 
with enhanced binding affinity for the cognate binding partner relative to 
a ref. binding pair member. In particular, the invention provides methods 
of selecting antibodies with enhanced affinity for an antigen relative to 
a ref. antibody. .This process, "affinity maturation", thereby provides 
antibodies with superior binding capabilities. Examples show competitive 
detn. of complementation groups among thioredoxin-scaf folded 
peptides that bind human CD40 and affinity competition between an 
anti-CD40 antibody and a higher-affinity mutant of the same antibody. 



AU 2002027112 
US 2002155502 
EP 1330551 
R: 

PRIORITY APPLN. INFC: 
AB 
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2002:266601 HCAPLUS 
137:29990 

Protein-protein interactions monitored in mammalian 

cells via complementation of 

. beta . -lactamase enzyme fragments 

Wehrman, Tom; Kleaveland, Benjamin; Her, 

Jeng-Horng; Balint, Robert F. ; Blau, 

Helen M . 

Baxter Laboratory for Genetic Pharmacology, Department 
of Microbiology and Immunology, Stanford University 
School of Medicine, Stanford, CA, 94305, USA 
Proceedings of the National Academy of Sciences of the 
United States of America (2^002), 99(6), 3469-3474 
COOt:N: ir NASA6; ISSN: 0027-8424 
National Academy of Sciences 
Journal 
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LANGUAGE: English 

AB We have defined inactive .alpha, and .omega, fragments of . beta . -lactamase 
that can complement to form a functional enzyme in both bacteria and 
mammalian cells, serving as a readout for the interaction of proteins 
fused to the fragments. Crit. to this advance was the identification of a 
tripeptide, Asn-Gly-Arg, which when juxtaposed at the carboxyl terminus of 
the .alpha, fragment increased complemented enzyme activity by up to 4 
orders of magnitude. . beta . -Lactamase is well suited to monitoring 
constitutive and inducible protein interactions because it is small (29 
kDa), monomeric, and assayable with a fluorescent cell-permeable 
substrate. The negligible background, the magnitude of induced signal 
caused by enzymic amplification, and detection of signal within minutes 
are unparalleled in mammalian protein interaction detection systems 
published to date. 

REFERENCE COUNT: 24 THERE ARE 24 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 

L14 ANSWER 5 OF 9 HCAPLUS COPYRIGHT 2003 ACS on STN 
ACCESSION NUMBER: 2002:415162 HCAPLUS 

DOCUMENT NUMBER: 137:137336 

TITLE: A glutamine transport gene, glnQ, is required for 

fibronectin adherence and virulence of group B 
streptococci 

AUTHOR (S) : Tamura, Glen S.; Nittayajarn, Aphakorn; Schoentag, 

Deborah L. 

CORPORATE SOURCE: Children's Hospital and Regional Medical Center and 

the University of Washington, Seattle, WA, 98105, USA 

SOURCE: Infection and Immunity (2002), 70(6), 2877-2885 

CODEN: INFIBR; ISSN: 0019-9567 

PUBLISHER: American Society for Microbiology 

DOCUMENT TYPE: Journal 

LANGUAGE: English 

AB Group B streptococci (GBS) are a leading cause of neonatal sepsis and 
meningitis. GBS adhere to fibronectin when it is attached to a solid 
phase. We isolated a Tn917 transposon mutant, COH1-GT1, which shows 
decreased adherence to fibronectin. COH1-GT1 also shows decreased 
adherence to and invasion of respiratory epithelial cells in vitro and 
decreased virulence in 'vivo. COH1-GT1 contains a Tn917 insertion in a 
homolog of glnQ, a gene from Escherichia coli which is required for 
glutamine transport and codes for a cytoplasmic ATP-binding cassette 
protein. To confirm that the decreased fibronectin adherence of COH1-GT1 
was due to the mutation in glnQ, we constructed COH1-GT2, a strain with a 
nonpolar site-directed .mutation in glnQ.. COH1-GT2 showed decreased 
binding to fibronectin'. *We also demonstrated that complementation 
of glnQ in trans restored fibronectin' adherence to COHl-GTl. COH1-GT1 
shows decreased upLakt ^adioxabeled glutamine and is resistant to the 
toxic glutamine analog . gamma . -L-glutamylhydrazide, demonstrating that the 
glnQ gene is required for glutamine transport in GBS. GlnQ lacks a signal 
sequence and is a cytoplasmic protein in E. coli and thus is unlikely to 
act as a fibronectin adhesin. GlnQ is transcribed in an operon with a 
putative glutamine permease gene, glnP, which has a novel predicted 
structure contg. three distinct domains linked in a single gene. The 
first two domains are putative glutamine binding domains with homol . to 
the E. coli periplasmic glutamine binding gene glnH. The third is a 
putative permease domain with homol. to the E. coli glutamine permease 
gene glnP. RT-PCR anal, demonstrated that glnP and glnQ are contained 
within a single transcript. Transcription of scpB, encoding the only 
known f ibronectin-binding adhesin of GBS, is unaffected. We speculate 
■ that glnQ may regulate expression of fibronectin adhesins by affecting 
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cytoplasmic glutamine levels and that regulation may be 
posttranscriptional . 



REFERENCE COUNT: 



33 THERE ARE 33 CITED REFERENCES AVAILABLE FOR THIS 
RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 



LI 4 ANSWER 6 OF 9 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 



AUTHOR (S) : 

CORPORATE SOURCE: 

SOURCE: 

PUBLISHER: 
DOCUMENT TYPE: 
LANGUAGE : 
AB 



HCAPLUS COPYRIGHT 2003 ACS on STN DUPLICATE 2 
2002:417208 HCAPLUS 
137:105986 

. beta . -Lactamase protein 
fragment complementation assays as 
in vivo and in vitro sensors of protein-protein 
interactions 

Galarneau, Andre; Primeau, Martin; Trudeau, 
Louis-Eric; Michnick, Stephen W. 

Departement de Biochimie, Universite de Montreal, 
Montreal, QC, H3C 3J7, Can. 

Nature Biotechnology (2002), 20(6), 619-622 
CODEN: NABIF9; ISSN: 1087-0156 
Nature America Inc. 
Journal 
English 

We have previously described a strategy for detecting protein-protein 
interactions based on protein interaction-assisted folding of rationally 
designed fragments of enzymes. We call this strategy the 
protein fragment complementation assay (PCA) . Here we describe 
PCAs based on the enzyme TEM-1 . beta . -lactamase (EC: 3.5.2.6), which 
include simple colorimetric in vitro assays using the cephalosporin 
nitrocefin and assays in intact cells using the fluorescent substrate 
CCF2/AM (ref . 6) . Constitutive protein-protein interactions of the GCN4 
leucine zippers and of apoptotic proteins Bcl2 and Bad, and the 
homodimerization of Smad3, were tested in an in vitro assay using cell 
lysates. With the same in. vitro assay, we also demonstrate interactions 
of protein kinase PKB with - substrate Bad. The in vitro assay is facile 
and amenable tc high-throughput modes of screening with 
signal-to-background ratio-* 5 in the range of 10:1 to 250:1, which is 
superior to other PCAs developed to date. Furthermore, we show that the 
in vitro assay can be used for quant, anal, of a small mol. -induced 
protein interaction, the rapamycin-induced interaction of FKBP and yeast 
FRB (the FKBP-rapamycin binding domain of TOR (target of rapamycin) ) . The 
assay reproduces the known dissocn. const, and no. of sites for this 
interaction. The combination of in vitro colorimetric and in vivo 
fluorescence assays of . beta . -lactamase- in mammalian cells suggests a wide 
variety of sensitive and high-throughput large-scale applications, 
including in vitro protein array anal, of protein-protein or 
enzyme-protein interactions and in -vivo applications such as clonal 
selection for cells expressing interacting protein partners. 



REFERENCE COUNT: 
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2001: 904573 HCAPLUS 
136:50647 

A protein fragment complementation assay 
(PCA) for the detection of protein-protein, 
protein-small molecule, and protein nucleic acid 
interactions based on the E. coli TEM-1 
. beta . -lactamase 

M ichnick , Stephen W.; Galarneau, Andre 
Octyssey" Pharmaceuticals, Inc., USA 
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PCT Int . Appl . , 

CODEN: PIXXD2 

Patent 

English 

1 



29 pp. 



PATENT NO. 



KIND DATE 



APPLICATION NO. DATE 



WO 2001-US17886 20010601 



WO 2001094617 A2 20011213 

WO 2001094617 A3 20030206 

W: AU, CA, JP 

RW: AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, 

PT, SE, TR 

US 2003108869 Al 

EP 1305627 A2 
R: 



20030612 
20030502 



US 2001-870018 20010531 
EP 2001-983266 20010601 
AT, BE, CH, DE, DK, ES, FR, GB, GR, IT, LI, LU, NL, SE, MC, PT, 
IE, FI, CY, TR 

PRIORITY APPLN. INFO. : US 2000-208485P P 20000602 

US 2001-870018 A 20010531 
WO 2001-US17886 W 20010601 

AB The present invention relates generally to protein complementation assays 
{PCA) and more specifically to PCA assays based on the E. coli TEM-1 
. beta . -lactamase for the detection of protein-protein, protein-small mol. 
and protein nucleic acid interactions. In the present invention, an in 
vitro colorimetric assay using the substrate, .nitrocefin, and an in vivo 
fluorescence assay using the substrate, CCF2/AM, were disclosed in 
mammalian cells. The invention is also directed to pos, and neg. surviva 
assays using cephalosporin-cytotoxic prodrug conjugates. 
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2000:842264 HCAPLUS 
134 : 13994 

High-performance enzyme fragment 

complementation systems for the identification 

of interacting proteins 

Balintj Robert F.; Her, Jeng-Horng 

Panorama Research, Inc., USA 

PCT Int. Appl. , 94 pp. 



CODEN: 
Patent 
English 
3 



PIXXD2 



PATENT NO. 



KIND DATE 



WO 2000071702 Al 20001130 

"W: A£, AL, AM, AT, AU, AZ, 

CZ, DE, DK,- DM, QZ. EE, 

IL, IN, IS, JP, KE, KG, 

MA, MD, MG, MK,' MN, MW, 

SI, SK, SL, TJ, TM, TR, 

AZ, BY, KG, KZ, MD, RU, 

RW: GH, GM, KE, LS, MW, SD, 

DK, ES, FI, FR, GB, GR, 

CG, CI, CM, GA, GN, GW, 

EP 1183347 Al 20020306 

R: AT, BE, CH, DE, DK, ES, 



APPLICATION NO. DATE 

WO 2000-US7108 20000316 

BA, BB, BG, BR, BY, CA, CH, CN, 

ES, FI, GB, GD, GE, GH, GM, HR, 

KP, KR, KZ, LC, LK, LR, LS, LT, 

MX, NO, NZ, PL, PT, RO, RU, SD, 

TT, TZ, UA, UG, UZ, VN, YU, ZA, 
TJ, TM 

SL, SZ, TZ, UG, ZW, AT, BE, CH, 

IE, IT, LU, MC, NL, PT, SE, BF, 
ML, MR, NE, SN, TD, TG 

EP 2000-946748 20000316 

FR, GB, GR, IT, LI, LU, NL, SE, 



CR, CU, 

HU, ID, 

LU, LV, 
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CY, DE, 
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MC, PT, 



Search completed by David Schreiber 308-4292 



W(S PAGE BLANKS 



Epperson 09/526,106 



IE, SI, LT, LV, FI, RO 
JP 2003500051 T2 2C030107 JP 2000-620079 20000316 

PRIORITY APPLN. INFO. : US 1999-135926P P 19990525 

US 2000-175968P P 20000113 
WO 2000-US7108 W 20000316 

AB Fragment pairs of a class A . beta . -lactamase (TEM-1 of Escherichia coli) 
are disclosed that depend for their functional reassembly into the parent 
protein on the interaction of heterologous polypeptides or other mols. 
which have been genetically or chem. conjugated to the break-point termini 
of the fragment pairs. In addn., methods are provided for identifying 
fragment pairs that will optimally reassemble into a functional parent 
protein. Fragment pairs that comprise mol . interaction-dependent enzymes 
find use 'in (lj homogeneous assays and biosensors for any analyte having 
two or more independent binding sites, (2) tissue-localized activation of 
therapeutic and imaging reagents in vivo for early detection and treatment 
of cancer, chronic inflammation, atherosclerosis, amyloidosis, infection, 
transplant rejection, and other pathologies, (3) cell-based sensors for 
activation or inhibition of metabolic or signal transduction pathways for 
high-efficiency, high-throughput screening for agonists/antagonists of the 
target pathway, {4} high-throughput mapping of pair-wise protein-protein 
interactions within and between the proteomes of cells, tissues, and 
pathogenic organisms, (5) rapid selection -of antibody fragments or other 
binding proteins which bind specifically to polypeptides of interest, (6) 
rapid antigen identification ' for anti-cell and anti-tissue antibodies, (7) 
rapid epitope identification for antibodies, (10) cell-based screens for 
high-throughput selection of inhibitors of any protein-protein 
interaction. 

REFERENCE COUNT: 13 THERE ARE 13 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 
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ACCESSION NUMBER: 1992:525518 HCAPLUS 

DOCUMENT NUMBER: 117:125518 

TITLE: Nucleotide sequence of the . beta . -lactamase gene from 

Enterococcus faecalis HH22 and its similarity to 
staphylococcal . beta . -lactamase genes 

AUTHOR(S): Zscheck, Karen K. ; Murray, Barbara E. 

CORPORATE SOURCE: Med. Sen., Univ. Texas, Houston, TX, 77 030, USA 

SOURCE: Antimicrobial Agents and Chemotherapy (1991), 35(9), 

1736-40 

CODEN: AMACCQ; ISSN: 0066-4804 
DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB The nucleotide sequence of the constitutively produced . beta . -lactamase 
(Bla) gene from E. faecalis HH22 was shown to be identical to the 
published sequences of 3 of 4 staphylococcal type A . beta . -lactamase 
genes; more differences were seen with the genes for staphylococcal type' C 
and D enzymes. One hundred forty nucleotides upstream of the 
. beta . -lactamase start codon were detd. for an inducible staphylococcal 
. beta . -lactamase and were identical to those of th constitutively 
expressed enterococcal gene, indicating that the changes resulting in 
constitutive expression are not due to changes in the promoter or operator 
region. Moreover, complementation studies indicated that prodn. of the 
enterococcal enzyme could be repressed. The genes for the enterococcal 
Bla and an inducible staphylococcal Bla were each cloned into a shuttle 
vector and transformed into enterococcal and staphylococcal recipients. 
The major difference between the backgrounds of the 2 hosts was that more 
enzyme was produced by the staphylococcal host, regardless of the source 
of the gene. The location of the enzyme was found to be host dependent, 
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since cloned gene generated extracellular (free) enzyme in the 
staphylococcus and cell-bound enzyme in the entnrococcus. On the basis of 
the identities of the ente^coccal Bla and several staphylococcal Bla 
sequences, these data suggest the recent spread of . beta . -lactamase to 
enterococci and also suggest the loss of a functional repressor. 
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